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Abstract 

 

ETHNOPHARMACOLOGICAL RELEVANCE: The wild basil 

Clinopodium vulgare L. is commonly used in Bulgarian folk medicine 

for treatment of irritated skin, mastitis- and prostatitis-related 

swelling, as well as for some disorders accompanied with significant 

degree of inflammation (e.g. gastric ulcers, diabetes, and cancer). 

AIM OF STUDY: To determine the effect of aqueous extract of 

Clinopodium vulgare L. on LPS-induced inflammatory responses of 

murine RAW 264.7 macrophages. 

MATERIALS AND METHODS: Cell cytotoxicity was evaluated by 

MTT assay. Protein expression levels were monitored by Western blot 

analysis. Production of NO and PGE(2) was measured by the Griess 

colorimetric method and enzyme immunoassay, respectively. 

Activation of MMP-9 was visualized by gelatin zymography. Cytokine 

levels were determined by BioPlex assay. Intracellular ROS and free 

radical scavenging potential were measured by DCFH-DA and DPPH 

method, respectively. Xanthine oxidase activity was evaluated 

spectrophotometrically. 
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RESULTS: The extract suppresses NF-kappaB activation by 

preventing I kappa-B phosphorylation and inhibits the 

phosphorylation of p38 and SAPK/JNK MAPKs. It down-regulates 

iNOS expression which manifests as a drastic decrease of NO 

production, inhibits MMP-9 activation, but does not affect COX-2 

protein levels and reduces only slightly the released PGE(2). Secretion 

of IL-1 beta and Il-10 is greatly reduced, whereas suppression of TNF-

alpha and GM-CSF production is less dramatic. The extract has strong 

free radical scavenging properties and exerts inhibitory effect on 

xanthine oxidase activity, which lowers the levels of intracellular ROS. 

CONCLUSION: The study provides evidence for the anti-

inflammatory potential of Clinopodium vulgare L. aqueous extract. 
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List of Figures 

 

Fig. 1. Simplified model of TLR-4 mediated MyD88 dependent 

signaling pathway (partially adopted from Takeda and Akira, 2004). 

LBP recognizes LPS and brings it to CD14, which is followed by 

binding to the LPS receptor complex composed of dimerized TLR4 

receptor and two molecules of MD2. MyD88 associated with the TIR 

domain of TLR4 recruits IRAK. IRAK is activated by phosphorylation 
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and then associates with TRAF6. The complex dissociates from the 

receptor and then TRAF6 interacts with TAK1, TAB1, and TAB2. This 

complex further forms a larger complex with Ubc13 and Uev1A, which 

induces the activation of TAK1. Activated TAK1 phosphorylates the 

IKK complex, consisting of IKKα, IKKβ, and NEMO/IKKγ, and MAP 

kinases and thereby induces the activation of the transcription factors 

NF-κB and AP-1, respectively, which affects the expression of a 

plethora of response genes.  
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Fig. 2. Effect of aqueous extract of Clinopodium vulgare on cell 

viability of RAW264.7 macrophages. Cells were treated with various 

extract concentrations for 24 h and cell viability was measured by MTT 

assay. Data are means±SD (n = 4). Statistical significance (*P < 0.05) 

is based on the difference when compared to the respective control 

sample (cells treated with the same amount of vehicle).  
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Fig. 3. Effect of aqueous extract of Clinopodium vulgare on NO 

production, iNOS protein expression and MMP-9 activation of LPS-

challenged RAW 264.7 macrophages: NO (measured as nitrite by 

Griess reagent) produced by: (A) cells pre-treated for 24 h with the 

extract and challenged with 1μg/ml LPS for 24 h (white bar on the very 

left represents negative control – 0 concentration for both plant extract 

and LPS) and (C) cells treated simultaneously for 24 h with the extract 

and 1μg/ml LPS; (B and D) MTT assay for viability of the cells from the 

same wells: black color—cells treated with plant extract and LPS, 

white color—positive controls (cells treated with LPS only); (E) iNOS 

expression (loading control—_-actin), and (F) MMP-9 gelatinolytic 
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activity of cells treated as in (C). Data for (A–D) are means±SD (n = 4); 

statistical significance (*P < 0.05) is based on the difference when 

compared to the respective control sample. Numbers above the black 

columns in (A and C) indicate NO production of extract-treated cells 

calculated as % to their respective positive controls. Immunoblots for 

(E) and gelatin zymography for (F) are representative of three 

independent experiments, quantification of MMP-9 activity (calculated 

as % to the positive control) was performed by densitometric analysis. 
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Fig. 4. Effect of aqueous extract of Clinopodium vulgare on PGE2 

production and COX-2 protein expression of LPS-challenged 

RAW264.7 macrophages: (A) PGE2 production after simultaneous 

treatment for 24 h with 1μg/ml LPS and various extract concentrations 

(black columns), or the same amount of vehicle (white columns) 

measured by EIA and (B) COX-2 protein expression levels monitored 

by Western blot analysis (loading control—β-actin). Data for (A) are 

means±SD (n = 3); statistical significance (*P < 0.05) is based on the 

difference when compared to the respective control sample. Numbers 

above the black columns indicate PGE2 production of extract-treated 
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cells calculated as % to their respective positive controls.  Immunoblots 

for (B) are representative of three independent experiments. 
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Fig. 5. Effect of aqueous extract of Clinopodium vulgare on LPS-

stimulated production of Il-1β, GM-CSF, TNF-α and Il-10 of RAW 

264.7 macrophages. The amounts of secreted cytokines after 

simultaneous 24 h treatment with 1_g/ml LPS and two plant extract 

concentrations (black columns) or the same amount of vehicle (white 

columns), were quantified using a Bio-Plex suspension array system. 

Data are means±SD (n = 3); statistical significance (*P < 0.05) is based 

on the difference when compared to the respective control sample. 

Numbers above the black columns indicate cytokine production of 

extract-treated cells as % to their respective positive controls. 
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Fig. 6. Effect of aqueous extract of Clinopodium vulgare on LPS-

induced phosphorylation of IκB-α, ERK1/2, p38, SAPK/JNK and c-Jun 

(Ser73). RAW 264.7 macrophages were pre-treated for 1 h with 

different extract concentrations, and stimulated with 0.1_g/ml LPS for 
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15 min. Nuclear-free whole cell lysates separated by SDS-PAGE were 

probed with phospho-specific antibodies (loading control—β-actin). 

Blots are representative of three independent experiments. 
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Fig. 7. Antioxidant activity of aqueous extract of Clinopodium vulgare: 

(A) effect on intracellular ROS production of cells treated for 24 h with 

1_g/ml LPS and different extract concentrations as measured by 

DCFH-DA assay; (B) effect on xanthine oxidase activity: (i) the extract 

was included in the reaction mixture (3 ml); the effect on enzyme 

activity is expressed in enzyme units (columns) and as % relative to 

the controls (■); (ii) the extract was pre-incubated with the enzyme 

solution (0.2 ml), and then added to the rest of the reaction mixture 

(2.8 ml); enzyme activity is expressed as % relative to the controls (□); 

(C) free radical scavenging activity as measured by the DPPH assay. 
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Data are means±SD (n = 3); statistical significance (*P < 0.05) is based 

on the difference when compared to the respective control sample. 
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1. Introduction 

Chronic inflammation contributes to the pathogenesis of a 

number of diseases, including rheumatoid arthritis, gastritis, 

inflammatory bowel disease, atherosclerosis, and cancer, which affect a 

significant part of the human population.  This justifies research 

directed at discovery of new, potent, side effect-free anti-inflammatory 

drugs.  Plants are an excellent source for identification and isolation of 

such drugs, since they are an enormous reservoir of structurally 

diverse secondary metabolites that potentially may inhibit the 

inflammatory process by affecting different molecular targets. 

Plants of the Lamiaceae family are highly regarded by some 

cultures for their medicinal properties, including anti-inflammatory 

and antioxidant activities.  The latter are attributed mainly to 

compounds belonging to the classes of terpenoids and phenolics 

(Nakatani, 2000; Triantaphyllou et al..., 2001; Charami et al..., 2008).  

A member of the family, the wild basil Clinopodium vulgare L., is a 

common under shrub that grows throughout Europe, Asia, and North 

America.  The herb is widely used in Bulgarian traditional medicine 

for treatment of skin irritation and swelling, and relieving the 

symptoms associated with mastitis and prostatitis.  Based on the 
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ethnopharmacological use, a gel containing 20% ethanol extract of the 

plant (brand name Clinogel®) was developed by the Bulgarian 

pharmaceutical group Sopharma Ltd. for treatment of 

inflammatory-related skin conditions and prevention of skin aging.  C. 

vulgare infusions are also used in traditional medicine to treat 

infirmities such as gastric ulcers, diabetes, and cancer that often 

exhibit gene expression alterations with a typical inflammatory 

signature.  

Experimental evidence corroborates the antibacterial 

(Opalchenova and Obreshkova, 1999) and antitumor activity 

(Dzhambazov et al..., 2002; Badisa 2003) of the plant. In contrast, 

studies supporting the traditional use of the wild basil for its 

antioxidant and antiphlogistic properties are scarce. Two of the main 

components of the C. vulgare essential oil fraction, oxygenated 

monoterpene thymol and monoterpene hydrocarbon γ-terpinene, 

exhibit significant antioxidant activity when tested by 1,1-Diphenyl-2-

picrylhydrazyl (DPPH) and β-carotene-linoleic acid assays (Tepe et 

al..., 2007). Given that the traditional application forms of the herb are 

teas and tinctures, compounds with low solubility in water and ethanol 

are likely be minimal. However, the wild basil is rich in 
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phenolcarboxylic acids and saponins (Miyase and Matsushima, 1997; 

Obreshkova et al..., 2001), which are classes of compounds well known 

for their antioxidant and anti-inflammatory potential.   

The present work examined anti-inflammatory and antioxidant 

activities of the aqueous extract of C. vulgare using lipopolysaccharide 

(LPS)-challenged RAW 264.7 murine macrophages as a model system. 

LPS is a prototypic inflammagen recognized by Toll-like receptor 4 

(TLR4), (Hoshino et al..., 1999). The molecular events triggered by the 

formation of LPS-TLR4 signalosome are relatively well established, 

which makes the system suitable for identifying molecular targets of 

anti-inflammatory agents (Fig. 1). Two main signaling pathways 

mediated by Iκ-B Kinase (IKK) and Mitogen-Activated Protein-Kinases 

(MAPKs), respectively, are activated by LPS challenge. Following LPS 

treatment, IKK phosphorylates the inhibitory protein IκB (Baeuerle, 

1998) which resides in the cytoplasm in close association with the 

central transcription factor, Nuclear Factor-κB (NF-κB). The 

phosphorylation triggers degradation of IκB by the ubiquitin system 

(Brown et al..., 1995), which releases NF-κB. The latter translocates to 

the nucleus where it binds to the promoter region and induces 

transcription of numerous target genes (Li and Verma, 2002).   
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Additional transcription factors are activated through MAPKs 

signaling cascades consisting of (i) p42 and p44 MAPKs, also known as 

extracellular signal-regulated kinase 1 (ERK1) and 2 (ERK2), 

respectively; (ii) p38 MAPK, and (iii) p54 and p46 c-Jun NH2-terminal 

kinases 1 (JNK1) and 2 (JNK2), also known as stress-activated protein 

kinases (SAPK1/2) (Hibi et al..., 1993; Derijard et al..., 1994; Han et 

al..., 1994; Kyriakis et al..., 1994). Altogether these events culminate in 

a rapid change in the expression of genes encoding cytokines, 

hydrolytic and proteolytic enzymes, and enzymes involved in 

production of small mediators of inflammation (Takeda et al..., 2003).  

A plethora of proinflammatory cytokines such as TNF-α, Il-1, Il-

6, Il-12, GM-CSF, Il-15 and Il-18, are typically produced by the 

macrophages upon activation by microbial products. In addition, 

signature mediators of inflammation are reactive oxygen species 

(ROS), radical nitrogen species (RNS) and prostaglandins (PGs), and 

their excessive production is a hallmark of the inflammatory process. 

The synthesis of ROS is catalysed by two enzyme systems, 

NADH/NADPH oxidase (Forman and Torres, 2002) and xanthine 

oxidase (Song et al..., 2003), while PGs and the major RNS, nitric oxide 

(NO), are generated by single enzymes – an inducible isoform of 
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cyclooxygenase, COX-2, (Hempel et al..., 1994) and an inducible nitric 

oxide synthase (iNOS), (Salvemini et al... 2003), respectively. ROS can 

further cause extensive tissue damage through lipid peroxidation, 

oxidation of amino acid side chains, protein cross-linking, and DNA 

damage (Davies 1987). NO can interact with superoxide anions to form 

peroxynitrite, a highly potent oxidizing agent with direct cytotoxic 

effects (Knight, 2000). In addition, through its ability to form 

complexes with transition metals and react with sulphhydryl groups, 

NO can impact various cell processes. For example, by upregulating 

the activity of some matrix metalloproteinases (MMPs), it could cause 

destructive extracellular matrix reorganization (Ridnour et al..., 2007).   

To gain insight into the molecular mechanisms underlying 

potential anti-inflammatory and antioxidant properties of C. vulgare 

infusions, the present work addressed the effect on NF-κB and MAPKs 

activation, iNOS and COX-2 expression, NO and PGs synthesis, 

cytokine production, MMP-9 and xanthine oxidase activity. The 

antioxidant potential of the extract was also evaluated by a 

combination of in vivo (DCFH-DA) and in vitro (DPPH) assays. 
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2. Materials and Methods 

2.1. Reagents 

RAW 264.7 murine macrophages cell line (TIB-71), Dulbecco’s 

modified Eagle’s medium (DMEM), fetal bovine serum (FBS), 

streptomycin/penicillin solution were purchased from ATCC.  Rabbit 

iNOS antibody, anti goat-HRP antibodies, Salmonella 

lipopolysaccharide (LPS), 1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 

(2’,7’-dichlorofluorescein-diacetate (DCF-DA), dimetylsulfoxide 

(DMSO), leupeptin, pepstatin A, aprotinin, 

phenylmethylsulfonylfluoride (PMSF), phosphatase inhibitor mix, 

porcine skin gelatin, xanthine sodium salt, xanthine oxidase from 

bovine milk were purchased from Sigma Chemicals Co., St. Louis, MO. 

Mouse β-actin, goat COX-2 and goat phospho-IκB-α (Ser32) were 

purchased from Santa Cruz Biotechnology Inc., Santa Cruz, CA. 

Rabbit phospho-MAPK Family Antibody Sample Kit and rabbit 

phospho-c-Jun (Ser73) antibody were obtained from Cell Signaling 

Technology, Danvers, MA. Griess Reagent System was purchased from 

Promega, Madison, WI. Custom mouse Bio-Plex Cytokine panel and 

Cytokine Reagent kit were purchased from Bio-Rad Laboratories, 
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Hercules, CA. Prostaglandin E2 Express EIA Kit – Monoclonal was 

obtained from Cayman Chemical Company, Ann Arbor, MI. PVDF 

membranes were purchased from Millipore, Billerica, MA. Anti-rabbit-

HRP antibodies, antimouse- HRP antibodies and ECL detection kit 

were purchased from GE Healthcare, Waukesha, WI. 

2.2. Cell line 

RAW 264.7 murine macrophages were maintained in DMEM 

supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin, 

and 100 μg/ml streptomycin at 370C in a humidified incubator 

containing 5% CO2. Subculturing was performed according to ATCC 

recommendations. For all experiments, the cells were subjected to no 

more than 20 cell passages. 

2.3. Preparation of plant extract 

C. vulgare dry blades were purchased from licensed Bulgarian 

herbal pharmacy. The plant was collected July, 2008 in the Rhodope 

mountains, Bulgaria. A voucher specimen is kept in our laboratory 

(CIDV, The Biodesign Institute at Arizona State University, USA) for 

further reference. Aqueous extract of C. vulgare L. was prepared by 

grinding dry blades to a fine powder and boiling them for 10 min in 

H2O. After incubation for 30 min at room temperature, the extract was 



26 
 

passed through a paper filter. The yield of the dried extract as the 

percent weight of the dried plant material was 20 + 2%. The extract 

was cold-sterilized using Millipore 45 μm filters, and kept in aliquots 

at -20oC. 

2.4. MTT cell viability assay 

RAW 264.7 macrophages were plated in 24-well plates at 5x105 

cells/well, and treated with various concentrations of the extract (25-

550 μg/ml [μg dry extract per ml culture medium]).  Twenty four hours 

or 48 h later, mitochondrial respiration as an indicator of cell viability 

was quantified by measuring the conversion of the tetrazolium salt 

MTT into its formazan product by enzymes of the respiratory chain. 

Briefly, after changing the medium, MTT (stock solution 5 mg/ml) was 

added to a final concentration of 0.5 mg/ml, and the cells were 

incubated for 4 h at 37.0C and 5% CO2. The medium was then 

removed and the formazan precipitate was solubilized in DMSO. An 

aliquot of 100 μl from each sample was transferred to a 96-well plate, 

and the absorbance was measured at 540 nm on a microplate reader 

(Dynex Technologies, Chantilly, VA). 
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2.5. Nitrite production, cytokine and prostaglandin E2 (PGE2) 

analyses 

RAW 264.7 macrophages were plated in 24-well plates at 5x105 

cells/well, and treated with various concentrations of the extract (100 

μg/ml, 200 μg/ml, 300 μg/ml) in the absence or presence of 1 μg/ml 

LPS. Twenty four hours later, the medium was collected. Released NO 

was measured as its end product, nitrite, by a colorimetric assay based 

on a diazotization reaction using Promega Griess reagent system and a 

protocol supplied by the manufacturer. Nitrite concentration was 

determined by a standard curve prepared with sodium nitrite dissolved 

in DMEM supplemented with 10% FBS. 

 Quantification of TNF-α, IL-1β, IL-10 and GM-CSF secreted in 

the culture medium was done with a custom mouse Bio-Plex cytokine 

panel using a Bio-Plex suspension array system (BioRad). PGE2 

production was measured with the Prostaglandin E2 Express EIA 

Monoclonal Kit (Cayman Chemical) following a protocol supplied by 

the manufacturer. Samples were assayed directly without purification 

after a 10-fold dilution in the medium (DMEM supplemented with 10% 

FBS). 
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2.6. Assay for DPPH radical scavenging activity 

DPPH scavenging effect was measured according to Dinis et al... 

(1994). The reaction was performed in 1 ml freshly prepared 0.1 mM 

DPPH methanol solution and various concentrations of plant extract. 

The absorbance was measured at 517 nm at three time points (0 min, 2 

min and 5 min after mixing the DPPH solution with the plant extract), 

and the scavenging effect was calculated against controls containing 

the same amount of vehicle (water) as a replacement of the plant 

extract. 

2.7. Xanthine oxidase activity assay 

Formation of uric acid by xanthine oxidase (EC 1.2.3.2) was measured 

by a spectrophotometric assay. The reaction mixture contained 1 ml 

0.15 mM xanthine solution in 50 mM potassium phosphate buffer pH 

7.5, 0.18 ml 500 mM potassium phosphate buffer pH 7.5, various 

concentrations of plant extract, and deionized water to adjust the 

volume to 2.8 ml. The reaction was initiated by addition of 0.2 ml 

commercially available xanthine oxidase from bovine milk prepared 

freshly as 3 mg/ml solution in cold 50 mM potassium phosphate buffer 

pH 7.5. The increase in absorbance at 290 nm was recorded after a 10 

min incubation at 25°C against a blank sample in which the enzyme 
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solution was replaced with the same amount of buffer. The activity of 

xanthine oxidase was calculated using the extinction coefficient of uric 

acid (ε 1 mM =12.2). One unit of enzyme activity was defined as the 

amount of the enzyme that converts 1 μmole of xanthine to uric acid 

per minute at the conditions of the assay. 

2.8. DCFH-DA assay 

Production of intracellular ROS in RAW 264.7 macrophage cells 

was evaluated by using the nonpolar DCFH-DA dye. The dye diffuses 

in the cells, gets trapped by deacetylation, and in the presence of 

hydrogen peroxide becomes oxidized to yield 2’,7’-dichlorofluorescein 

(DCF). The cells were seeded in 96-well plates (5x104 cells/well) and 

treated with 1 μg/ml LPS and different plant extract concentrations. 

Twenty four hours later, the cells were washed and incubated with 20 

μM DCFH-DA for 25 min at 37°C in a CO2 incubator (5% CO2). After 

another wash with warm PBS, the fluorescence (ex 485 nm, em 525 

nm) was read using a Spectra max 190 (Softmax pro Molecular 

Devices) microplate reader. 

2.9. Gelatin zymography 

Aliquots of medium from RAW 264.7 cells treated for 24 h with 1 

μg/ml LPS and different concentrations of plant extract were mixed 
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with equal volume of sample buffer (125 mM Tris HCl buffer pH 6.8 

containing 20% (v/v) glycerol, 4% (w/v) SDS and 0.0125% (w/v) 

bromophenol blue) and incubated for 1 h at room temperature (RT). 

SDS PAGE with 10% gels containing 1 mg/ml gelatin was then 

performed at 4°C. After electrophoresis, the gels were incubated for 30 

min at RT in 50 mM Tris HCl buffer pH 7.5, containing 2.5% (v/v) 

Triton X100 and 0.02% (w/v) sodium azide. The solution was then 

replaced with 50 mM Tris HCl buffer pH 7.5, containing 1 % (v/v) 

Triton X-100, 10 mM CaCl2, and 0.02% (w/v) sodium azide, and 

incubation was performed overnight at 37°C with shaking. The gels 

were stained with 0.25% (w/v) Coomassie Brilliant Blue R250 solution 

in 10% (v/v) methanol and 5% (v/v) acetic acid, and then destained in 

water. The gelanolytic activity was visualized as clear zones against 

blue background.  The intensity of the bands was evaluated by a 

densitometry using Alpha Innotech Imager (Alpha Innotech Corp., San 

Leandro, CA). 

2.10. Western blot analyses 

For Western blot analyses, RAW 264.7 cells were seeded in 6-

well plates (1x106 cells/well) and treated with various concentrations of 

plant extract and 1 μg/ml LPS for 24 h (for iNOS, COX-2, β-actin) or 
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were pre-treated for 1 h with various concentrations of plant extract 

followed by a 15 min treatment with 0.1 μg/ml LPS (for phospho-p38, 

phospho-42/44, phospho-SAPK, phospho-IkB-α, and β-actin). Cells were 

then washed twice with cold PBS buffer and lysed with 0.2 ml/well cold 

lysis buffer (25 mM HEPES buffer pH 7.4, containing 150 mM NaCl, 

1% (w/v) Triton X100, 0.5 mM EDTA, 5 mM MgCl2, 1 mM DTT, 

10μl/ml Sigma phosphatase imhibitor mixture, 1 mM PMSF, 10 μg/ml 

leupeptin, 5 μg/ml aprotinin, 10 μg/ml pepstatin A). Fifteen minutes 

later, cell debris was removed by centrifugation at 10,000 g for 10 min 

at 4°C, and protein concentration in the supernatants was measured 

by the Bradford method (Bradford, 1976).  Samples with normalized 

protein content were subjected to SDS PAGE using 12% SDS 

polyacrylamide gels. Separated proteins were blotted onto 0.45 μm 

PVDF membranes and blocked with TBST (0.05% v/v Tween 20) buffer 

containing 5% (w/v) dry nonfat milk for 1 h at room temperature. 

Following two washes of 15 min each with buffer only, the membranes 

were incubated at 4°C overnight with the primary antibody solution 

(each antibody used was diluted according to manufacturer’s 

recommendations in TBST buffer containing 1% (w/v) dry milk).  Blots 

were then washed twice with TBST buffer, and incubated with 
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appropriately diluted HRP-conjugated secondary antibody for 1 h at 

room temperature. Blots were washed again with TBST (twice, 15 min 

each) and MilliQ water (once, 5 min), and developed using an 

Amersham ECL detection kit. 

2.11. Statistical analyses 

All experiments were done at least in triplicate. Data were 

expressed as mean ± S.D. Statistical analyses were performed with 

one-way ANOVA followed by Tukey post test; values of P < 0.05 were 

considered statistically significant. 

3. Results 

3.1. Effect of C. vulgare aqueous extract on RAW 264.7 cell 

viability 

A prerequisite to study the biological activity of any compound 

or plant extract is to ensure that they do not have a detrimental effect 

on cell metabolism. To determine if C. vulgare extract affects cell 

viability, RAW 264.7 macrophages were incubated for 24 h with the 

extract at a wide range of concentrations (25-550 μg/ml), and cell 

viability was evaluated by MTT assay. Statistically significant 

decrease in cell survival was detected at concentrations higher than 
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350 μg/ml (Fig. 1). A concentration range of 100-300 μg/ml, was chosen 

for treatment in the follow up experiments. 

3.2. Effect of C. vulgare aqueous extract on LPS-induced NO 

production, iNOS expression and MMP-9 activity 

Excessive generation of NO by iNOS is one of the general 

characteristics of inflammation, thus we examined the effect of 

aqueous extract of C. vulgare on LPS-induced NO production in RAW 

264.7 macrophages. Two experimental designs were implemented. In 

the first, cells were pretreated with a range of plant extract 

concentrations (100-300 μg/ml) for 24 h. Cells were then washed with 

fresh medium, and treated with 1 μg/ml LPS for another 24 h. We 

tested the medium after the pre-treatment for NO production to ensure 

that the plant extract itself does not contribute to inflammation and 

found no detectable NO levels (data not shown). In the second 

experiment, cells were simultaneously treated with 1 μg/ml LPS and 

different concentrations of C. vulgare extract. Controls with an 

identical amount of vehicle (water) were run for each experiment and 

parallel MTT assays for cell viability were performed (Fig. 3B, D). Pre-

treated cells challenged with LPS released a lower amount of NO in 

the medium measured as its stable nonvolatile breakdown product 
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nitrite, compared to the non-treated controls. The reduction for the 

highest tested plant extract concentration was ~80% (Fig. 2A). More 

drastic suppression was monitored upon simultaneous treatment – 

cells treated with 1 μg/ml LPS and 200 μg/ml C. vulgare extract 

produced 1/10 of the amount of NO released by the cells subjected to 

LPS challenge only, while a concentration of 300 μg/ml reduced NO 

production to almost basal level (Fig. 3C). The effect of extract on NO 

synthesis could be mediated by a direct inhibition of iNOS catalytic 

activity and/or down-regulation of iNOS expression. Western blot 

analysis of LPS-stimulated macrophages co-treated for 24 h with the 

extract confirmed its negative effect on iNOS protein levels (Fig. 3E). 

Because NO can regulate MMP-9 activity (Ridnour et al..., 2007), we 

further analyzed MMP-9 activity in the culture-conditioned media 

collected after 24 h exposure of the cells to LPS alone or along with the 

plant extract. A gradual decrease in the intensity of gelatinolytic bands 

upon increased extract concentrations was observed (Fig. 3F) 

suggesting a dose-dependent inhibitory effect of C. vulgare 

compound(s) on MMP-9 activation. 
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3.3. Effect of C. vulgare aqueous extract on LPS-induced PGE2 

production and COX-2 expression 

LPS stimulation causes massive production of prostaglandins by 

up-regulating the expression of COX-2. In the present study, RAW 

264.7 macrophages responded to a 24 h treatment with 1 μg/ml LPS by 

releasing 14848.3+100.7 pg/ml PGE2 in the culture medium (Fig. 5A). 

Pretreatment of cells with different concentrations of C. vulgare 

extract for 24 h before exposure to LPS did not affect inflammagen-

induced PGE2 production (data not shown). Simultaneous treatment 

with the extract and LPS resulted in negligible inhibition of secreted 

PGE2, which for the highest extract concentration examined was ~20% 

(Fig. 5A). Furthermore, COX-2 protein signal monitored in parallel by 

Western blot analyses, did not show a dose-dependent decrease (Fig. 

5B), suggesting that PGE2 reduction is not a result of an effect on 

COX-2 expression.  

3.4. Effect of C. vulgare aqueous extract on LPS-induced 

cytokine synthesis 

Cytokines are among the mediators produced during the 

inflammatory process, and therefore their levels are indicative of the 

progression of inflammation. To measure the effect of C. vulgare 



36 
 

extract on LPS-induced release of IL-1β, TNF-α, GM-CSF and IL-10 by 

RAW 264.7 macrophages, we took advantage of the sensitive BioPlex 

system. Bioplex works on the basis of a sandwich immunoassay and a 

fluorescent beads-based technology, which allows simultaneous 

quantification of different cytokines in a single sample (de Jager et 

al..., 2003). We chose two extract concentrations, 25 μg/ml and 200 

μg/ml, for a 24 h treatment of cells along with 1 μg/ml LPS, to examine 

the effect and verify dose-dependency. Positive controls for each 

experiment were set up with cells treated with 1 μg/ml LPS and an 

identical amount of vehicle as replacement of the extract. The results 

(Fig. 5) showed that, among the monitored pro-inflammatory 

cytokines, the production of IL-1β was most strongly inhibited with 

increase of the plant extract concentration. The reduction in the levels 

of TNF-α and GM-CSF, although dose-dependent, was less dramatic. A 

very strong decrease in the secretion of the anti-inflammatory IL-10 

was also detected. The negative controls, cells treated with C. vulgare 

extract only, had IL-1β, GM-CSF and IL-10 levels below the assay 

detection limits (data not shown). Basal readings of 4.48+0.56 pg/ml at 

maximum were for recorded for TNF-α. 
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3.5. Effect of C. vulgare aqueous extract on LPS-induced Iκ-B 

and MAPKs activation 

NF-κB is a central transcription factor that regulates the 

expression of a large number of inflammatory-related genes. Many of 

these genes have additional cis-regulatory elements controlled by 

MAPKs-activated transcription factors. Therefore, we examined the 

effect of C.vulgare extract on LPS-induced NF-κB and MAPKs 

activation. RAW 264.7 macrophages were pretreated for 1 h with 

different plant extract concentrations, and then challenged with 0.1 

μg/ml LPS for 15 min. A phospho-IκB-α antibody was used to monitor 

the cytoplasmic levels of phosphorylation of IκB-α which correlate 

proportionally to the activation of NF-κB. The extract exerted a dose-

dependent inhibition of IκB-α phosphorylation (Fig. 6), probably by 

affecting the IKK activity. Activation of MAPKs depends on the 

phosphorylation of Thr and Tyr residues on tripeptide motifs, specific 

for each MAPK family: TEY for ERK, TPY for SAPK/JNK, and TGY for 

p38. No effect on phosphorylation of Thr202 and Tyr204 of ERK1/2 was 

detected, but the p38 activation and SAPK/JNK activation occurring 

through phosphorylation at Thr180/Tyr182 and Thr183/Tyr185, 

respectively, were down-regulated (Fig. 6). SAPK/JNK performs 
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phosphorylation at Ser63/Ser73 of c-Jun, a component of the 

transcription factor AP-1 (Davis, 2000). Since the down-regulation of 

SAPK/JNK was less dramatic, it was verified by demonstrating 

suppression of c-Jun phosphorylation at Ser73 (Fig. 6). 

3.6. Antioxidant activity of C. vulgare aqueous extract 

During inflammation, various cell processes are activated in 

macrophages, including the respiratory burst, in which a large 

increase of oxygen uptake results in massive release of ROS. We 

checked if C. vulgare extract contains compound(s) that could 

counteract the oxidative burst. To measure the intracellular level of 

ROS, we used DCFH-DA which, once trapped in the cell by 

deacetylation, can be oxidized by H2O2 to highly fluorescent DCF. 

Addition of the extract during the 24 h stimulation with 1 μg/ml LPS 

resulted in a dose-dependent decrease of measured fluorescence, thus 

demonstrating its inhibitory effect on intracellular ROS production. 

The highest extract concentration tested, 300 μg/ml, led to a 

fluorescence reduction by almost 50% (Fig. 7A). The enzyme xanthine 

oxidase contributes to H2O2 production. Therefore, we further 

examined the effect of the extract on xanthine oxidase activity. When 

applied to the enzymatic reaction mixture (3 ml total volume) at 
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concentrations equal to or higher than 200 μg/ml, C.vulgare extract 

completely abolished enzyme activity measured at the conditions of the 

assay (Fig. 7B). However, a 30 min pre-treatment of the enzyme 

solution alone (0.2 ml) with the same range of plant extract 

concentrations before its addition to the reaction mixture (2.8 ml), had 

no effect on the activity (Fig. 7B).  We also tested for free radical 

scavengers or hydrogen donors using an assay based on the free stable 

radical DPPH. The scavenging reaction involves a color change from 

violet to yellow which can be monitored spectrophotometrically. Our 

results demonstrated that, based on its ability to bleach DPPH 

solutions, the extract has very strong free radical scavenging activity 

even at concentrations as low as 25 μg/ml. The absorbance readings at 

517 nm for this concentration taken at the 5 min time-point dropped by 

~ 50% compared to the initial values, while incubation with the highest 

concentration tested, 300 μg/ml, led to a complete bleaching (Fig. 6C). 

4. Discussion 

The complex alterations in the macrophage physiology following 

the formation of LPS-TLR4 signalosome are mainly due to the 

activation of NF-κB and MAPKs signaling pathways. Our results 

demonstrate that compounds present in C. vulgare aqueous extract 
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affect both NF-κB and MAPK pathways. The compounds suppress NF-

κB activation by preventing Iκ-B phosphorylation, which can be 

partially attributed to the reduced levels of intracellular ROS 

(Schoonbroodt and Piette, 2000). They also inhibit the phosphorylation 

of p38 and SAPK/JNK MAPKs, but do not affect the ERK1/2 signaling 

arm. The observed reduction in NO production in cells treated with the 

extract is likely a consequence of these events, and can be linked to the 

effect these altered signaling cascades exert on iNOS expression. The 

5'-flanking region of the iNOS gene contains several cis-regulatory 

sequences, including 10 copies of IFN-γ response element; and 2 copies 

of each NF-κB, AP-1, and TNF-α response elements, but NF-κB plays 

the most critical role in the induction of iNOS by LPS (Xie et al..., 

1994). Therefore, suppression of NF-κB activation possibly accounts for 

reduction of NO production in RAW 264.7 cells treated with C. vulgare 

extract. The effect could be exerted directly by affecting iNOS 

expression, as well as indirectly by impacting the levels of IFN-γ and 

TNF-α. Two other factors also appear to contribute to the ability of C. 

vulgare extract to decrease NO levels: (i) its negative impact on p38 

MAPK signaling which is involved in augmentation of iNOS induction 

by LPS (Chen and Wang, 1999) and (ii) its inhibitory effect of 
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SAPK/JNK activation which is directly implemented in 

phosphorylation of c-Jun, a component of transcription factor AP-1 

(Derijard et al..., 1994). The fact that much stronger reduction of NO 

synthesis was observed when the extract was simultaneously 

incubated with LPS, compared to treatment with extract alone for the 

same period of time (24 h) before the LPS challenge, suggests that at 

least some of the active compounds bind reversibly to their targets 

and/or target molecules appear after the LPS stimulation. 

NO is a multifunctional signaling molecule, thus the impact of 

the extract on NO production likely has further effects on cell 

metabolism. In particular, NO is involved in regulation of MMP-9, a 92 

kDa type IV collagenase that participates in matrix reorganization. 

NO can activate MMP-9 directly, through S-glutathiolation of the 

autoinhibitory MMP-9 prodomain (Okamoto et al..., 2001), or 

indirectly, by activating MMP-1 and -13, which proteolytically cleave 

the prodomain (Ridnour et al.., 2007). ). The involvement of NO in 

MMP-9 regulation may explain the observed dose-dependent inhibition 

of MMP-9 activity in extract-treated cells. The MMP-9 gene promoter 

contains NF-κB, SP-1, and AP-1 binding sites, thus an alternative 

possibility is that the extract exerts its effect on MMP-9 by modulating 
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NF-κB and AP-1 activation. The impact of the C. vulgare extract on 

LPS-induced cytokine production may also be explained by its ability 

to modulate NF-κB and MAPKs signaling. The observed strong 

inhibition of IL-1β secretion may be due to reduced expression through 

effects of extract components on NF-κB (Hiscott et al..., 1993) and 

C/EBPβ (Godambe et al..., 1995) transcription factors, the latter 

activated through TLR4/phosphatidylinositol-3-kinase/Akt/p38 MAPK 

pathway (Batak et al..., 2005). NF-κB and C/EBP along with 

SAPK/JNK MAPK-dependent AP-1 are among the cis-acting elements 

that control GM-CSF gene expression (Harrington et al..., 1991). The 

presence of NF-κB and cAMP response element (CRE)/AP-1 binding 

sites in the promoter region of TNF-α (Delgado et al..., 1998) may 

account for the negative effect of the extract on TNF-α transcription. In 

addition, by downregulating p38 MAPK phosphorylation, the extract 

could impact the stability and translation efficiency of TNF-α mRNA 

(Lee et al..., 1994). The differences between the levels of suppression of 

the monitored pro-inflammatory cytokines possibly reflect involvement 

of other transcription factors and/or additional levels of regulation 

(posttranscriptional, translational, posttranslational). Interestingly, 

the extract significantly inhibited the secretion of IL-10, a central anti-
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inflammatory cytokine. This effect could result from the ability of the 

plant compounds to suppress activation of the p38 MAPK cascade 

which is involved in the regulation of transcription factor Sp 1, the 

central mediator of LPS-induced IL-10 production ((Brightbill et al..., 

2000; Ma et al..., 2001). 

The extract did not inhibit COX-2 protein expression, which 

might result from its inability to suppress all three MAPK signaling 

arms – a prerequisite for complete blockage of COX-2 induction (Hou et 

al..., 2005). In addition, the transcription factor C/EBPβ that plays a 

key role in COX-2 regulation is activated by the cAMP-dependent 

pathway (Inoue et al..., 1994: Gorgoni et al..., 2001), and the latter 

might be unaffected by the plant compounds. In this context, the ~20% 

reduction in the level of secreted PGE2 after exposure to the highest 

extract concentration tested (300 μg/ml) could be explained by direct 

inhibition of COX-2 activity and/or downregulation / inhibition of 

phospholipase A2 which controls the arachidonic acid release from 

membrane phosphatidylinositol (Shibata et al..., 1988).  

The extract suppressed the respiratory burst response of LPS-

challenged macrophages, as evidenced by the reduced levels of 

intracellular ROS. This suppression is, at least in part, due to the 
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inhibition of the enzyme xanthine oxidase. The plant compounds 

affecting the enzyme activity apparently act as reversible inhibitors 

since their effect can be eliminated by dilution. Compounds with strong 

free radical scavenging properties are also present in C. vulgare 

infusions. These properties in general are attributed to phenolics (Prior 

et al..., 2000), a class of secondary metabolites with diverse chemical 

structure. The phenolic compounds of C. vulgare are not very well 

studied, but one report demonstrated that feruluc, cis-cinnamic and p-

coumaric acids are among the prevalent phenolcarboxylic acids 

(Obreshkova et al.., 2001). All of these have DPPH radical scavenging 

activities. Ferulic acid specifically is well known for its high 

antioxidant potential (Kanski et al.., 2002). 

5.  Future Directions 

 Numerous plant-derived pharmaceuticals are commercially 

available today and are proven effective in the treatment of numerous 

diseases including, but not limited to, cancer, heart disease, gout, and 

inflammation.  The present study points at the strong anti-

inflammatory activity of aqueous extracts of C. vulgare.   Using LPS-

challenged macrophages as a model system, we elucidated some of the 

molecular mechanisms underlying this activity. However, considering 
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the complexity of cellular metabolism and the diversity of chemical 

structures in aqueous extract, other molecular targets of the active 

compounds and biochemical events leading to the observed effects are 

also possible. Future studies could be aimed at but, not limited to,: 

(i)  “fingerprinting” of the extract – purification and structure 

elucidation of the active compounds 

(ii) detailed  in vitro studies on the mechanism of action on the 

isolated compounds 

(iii) further in vivo experiments with the most promising 

structures to examine the clinical significance of their effect. 

6. Conclusions 

The present study corroborates, for the first time, the traditional 

use of C. vulgare infusions as an anti-inflammatory drug. Compounds 

present in the aqueous extract have high potential to reduce the levels 

of NO and some pro-inflammatory cytokines, inhibit the activity of 

MMP-9 and xanthine oxidase, and act as free radical scavengers. In 

our test system, the extract appears to exert its effects through down-

regulating the activation of NF-κB and through suppression of the p38 

and SAPK/JNK MAPK signaling.  The results presented here clearly 
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provide evidence that supports and gives insight into anti-

inflammatory and antioxidant activities of C. vulgare extract.  
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